Background. Order and amount of information influence patients' risk perceptions, but most studies have evaluated patients' reactions to written materials. The objective of this study was to examine the effect of 4 communication strategies, varying in their order and/or amount of information, on judgments related to an audible description of a new medication and among patients who varied in subjective numeracy. Methods. We created 5 versions of a hypothetical scenario describing a new medication. The versions were composed to elucidate whether order and/or amount of the information describing benefits and adverse events influenced how subjects valued a new medication. After listening to a randomly assigned version, perceived medication value was measured by asking subjects to choose one of the following statements: the risks outweigh the benefits, the risks and benefits are equally balanced, or the benefits outweigh the risks. Results. Of
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Studies have shown that decision makers are influenced by the number and type of items used to describe each option. 2 For example, in a series of experiments based on the affect heuristic, Finucane and others 3 demonstrated that varying the type of information provided about a specific technology results in predictable changes in judgments of risk and benefit: providing information describing benefits as high (with no added risk information) results in lower risk ratings, whereas providing information describing risks as high (with no added benefit information) results in lower benefit ratings. These findings may apply to the magnitude or amount of risk and benefit information provided. Given that physicians almost always describe a larger number of adverse events than benefits, possible risks could be expected to have an inflated impact on patients' decisions simply as a function of the amount of information presented. 4 In addition, greater amounts of information can decrease the quality and effectiveness of decision making. Patients may have more difficulty understanding greater amounts of information, 5 and added complexity increases the likelihood of deferring or refusing treatment. 6 The influence of amount of information on patients' judgment and choice may be especially evident among subjects with lower numeracy (the ability to understand and use probabilistic and mathematical concepts). [7] [8] [9] The order in which information is presented may also influence subjects' judgments. It has been well documented that subjects recall items more easily when they are presented first or last on a list compared to when they are presented in the middle. [10] [11] [12] Although the literature on order effects has focused extensively on recall, studies also suggest an impact on judgment and preferences. 13 The primacy effect results in subjects using the first presented piece of information more in subsequent judgments and choices, whereas the recency effect refers to the observation that people's decisions tend to be influenced more strongly by information presented last. 14 For example, consistent with a primacy effect, candidates listed first on election ballots tend to receive more votes, 15, 16 and people prefer cars whose positive attributes are presented first. 17 In contrast, audience members' ratings for contestants are higher for those appearing toward the end of a performance, indicative of a recency effect. 18 Several factors may modify order effects. Nahari and Ben-Shakhar 19 found that respondents judge stories as more credible when reading content-rich detail first compared to last. Canic and Pachur 20 further demonstrated that primacy effects are more likely to occur with shorter sequences and in subjects with stronger preference for the status quo.
Although most studies on this topic have been published outside of the medical domain, several studies related to health care have found evidence for both primacy and recency effects in students, clinicians, and online panel members. [21] [22] [23] [24] In an experimental study manipulating the order of risk and benefit information in a decision aid, women who read about the risks of a drug to prevent breast cancer last (i.e., after the benefits) had higher knowledge scores, were more worried about side effects, and judged benefits less favorably than women who received information about risks first, 25 indicating a recency effect. In contrast, Bansback and others 23 found that subjects were more likely to choose options concordant with their values when presented with attributes most important to them first, consistent with a primacy effect. 23 Despite the fact that patients tend to receive information from their physicians in a spoken format, little is known about whether order effects affect patients' judgments related to audible healthrelated information. Unnava and others 26 found that students' attitudes toward a described product (book bag) were influenced by information presented at the beginning of the advertisement (i.e., consistent with a primacy effect) when delivered using audible, but not, visual information. Thus, the impact of order effects described in response to written materials may be different from audible information. A recent literature search did not uncover any experimental studies examining the impact of order or amount of spoken information in patients.
To determine best practices for describing medications associated with numerous adverse events, it is first necessary to understand the effects of alternative risk communication strategies on patients' appraisals of proposed medications. To meet this objective, we performed a randomized experiment to examine the influence of specific strategies varying the order and amount of benefit and risk information on patients' perceived value of a proposed new medication. We sought to approximate the setting in which patients typically hear about a new medication by 1) recruiting patients for whom the scenario and medication were relevant, 2) using audible as opposed to written information, and 3) allowing subjects to choose from whom they would prefer to listen by selecting the picture of their preferred provider from among 6 options on a computer screen. In addition, we assessed the impact of specific communication strategies on a patient's perceived medication value (PMV), a clinically meaningful dependent variable that reflects the tradeoffs patients must make when evaluating new treatment options.
Because of the known influence of numeracy on risk perceptions as well as treatment preferences, we hypothesized that the effect of the risk communication strategies on PMV would vary across levels of a patient's numeric aptitude. 27, 28 We measured subjective numeracy (perceived numerical aptitude and preference for numbers) because of the resistance we have previously encountered to using objective numeracy measures (which require subjects to solve mathematical problems) in our patient population. Greater primacy effects are found among more v. less motivated individuals (i.e., individuals higher v. lower in need for cognition and those lower v. higher in need for closure 29, 30 ). At the same time, higher v. lower subjective numeracy (and not objective numeracy) has been associated with greater motivation in numeric tasks. As a result, we expected that subjective numeracy would relate more than objective numeracy to the motivated use of numeric information and therefore to demonstrations of primacy effects. 31 Given studies demonstrating that the less numerate generally perceive more risk across a variety of medical and nonmedical scenarios, 32 we hypothesized that subjects with lower numeracy would perceive less value from a proposed new medication across risk communication strategies (hypothesis 1 [H1]). Because persons with lower numeracy are influenced more by changes in information presentation formats compared to those with greater aptitude, we further hypothesized that subjects with lower subjective numeracy would be more strongly influenced by amount of information and perceive even lower medication value with more information (as opposed to less information) compared to more numerate subjects (hypothesis 2 [H2]). 9, 32 Although H2 seems intuitively plausible when added information concerns adverse events, we suspected it to be true also for benefit information because of the more deleterious effects of greater amounts of information on the less numerate. 6, 33 In addition, and as mentioned previously, evidence exists that those who are more motivated to process complex information (e.g., because they gain greater satisfaction from thinking and enjoy the process of deliberating) are more strongly influenced by initial information (i.e., primacy effects 29, 30 ) than those who are less so. Motivation to process numbers, in particular, is linked with subjective numeracy. 31 Thus, we further hypothesized that subjects with higher subjective numeracy would be more strongly influenced by the information received first (e.g., they would be more likely to perceive that benefits outweigh the risks when benefits are described first) compared to subjects with lower subjective numeracy (hypothesis 3 [H3]).
METHODS

Subjects
English-speaking persons with a diagnosed systemic inflammatory disease, under the care of a rheumatologist and who were taking at least 1 prescribed disease-modifying drug, were recruited from outpatient rheumatology practices. A trained research assistant telephoned all patients who had given permission to their rheumatologist to forward their names and contact information to learn about the study. Consenting patients participated in a single face-to-face interview. Subjects were compensated $25.00 at the end of the interview.
Versions
We created 5 versions of a hypothetical scenario to examine the impact of 4 risk communication strategies: 1) changing the order in which the same adverse events and benefits are presented, while holding the amount of information constant; 2) changing the amount of benefit information presented, while holding the amount of adverse event information and order constant; 3) changing the amount of adverse event information presented, while holding the amount of benefit information and order constant; and 4) presenting benefits both before and after hearing about the adverse events (i.e. sandwiching). The sandwiching strategy was included because it represents a strategy that may be used in clinical practice. Providers may introduce a treatment option by describing the benefits, followed by the adverse events. Benefits may then be reintroduced in order to end the description on a positive note.
Each version began with the same introduction, after which the content included a brief or extended amount of information describing benefits and adverse events (see the online appendix for content). The amount of information (number of words) was matched across benefits and adverse events within both the brief and extended descriptions. The brief benefits description (referred to as benefits throughout the article) included improvements in pain, fatigue, and energy level and specified disease-modifying properties. This section contained 169 words. The extended benefits description (referred to as BENEFITS throughout the article) included 283 words and similar information with added details about pathophysiology and benefits regarding quality of sleep. The short adverse events description (referred to as aes throughout the article) (171 words) included risk of headache, dyspepsia, infections, and theoretical risk of cancer. The extended adverse events description (referred to as AES throughout the article) (283 words) listed the same adverse events but with a greater amount of detail. To facilitate comparison between the brief and extended text, we have highlighted comparable sections using different formatting (see the online appendix). The sandwiching strategy included the first half of the BENEFITS script followed by the AES script followed by the second half of the BENEFITS script. The order and amount of benefits and adverse events for each version of presentation are described in Table 1 .
Actors were audiotaped as they read each of the 5 scripts. In addition, because of the possible effects of treating physicians' ethnicity and sex on patients' risk perceptions, we asked each subject to choose from whom he or she would prefer to hear about a new medication by choosing 1 of 6 faces (3 women and 3 men varying in ethnicity) of physicians displayed on a computer screen (images available upon request). Each subject was then randomly assigned to listen to 1 of the 5 versions, read by his or her chosen physician.
Measures
All data were collected by self-report. After listening to the description of the hypothetical new medication, PMV was measured by asking subjects to choose one of the following statements: the risks outweigh the benefits (risks . benefits), the risks and benefits are equally balanced (risks = benefits), or the benefits outweigh the risks (benefits . risks). This variable was chosen as the focus of the study because it reflects an important tradeoff that patients face when considering new treatment options. We also collected data on patient demographic and clinical characteristics. Subjective numeracy was measured using the 8-item Subjective Numeracy Scale. 34 
Analyses
To address the first strategy (changing the order in which the same adverse events and benefits are presented, while holding the amount of information constant), we compared PMV response for those who listened to version 4 v. version 1. To address the second (changing the amount of benefit information presented, while holding the amount of adverse event information and order constant), we compared versions 2 and 1. We examined the third strategy (changing the amount of adverse event information presented, while holding the amount of benefit information and order constant) by comparing versions 3 and 2. Last, we compared version 5 with version 1 to examine the fourth strategy (presenting benefits both before and after hearing about the adverse events, i.e., sandwiching). These comparisons are listed in Table 1 .
PMV, an ordinal measure, was modeled using proportional odds logistic regression. 35 The risks . benefits category was chosen to be the referent level. The model contained main effect terms for the subject's chosen physician (to adjust for potential confounding effects), randomly assigned version, and subjective numeracy. A version-bysubjective numeracy interaction term was included to examine whether subjective numeracy modified the effect of the specified communication strategy on PMV. The 8-item Subjective Numeracy Scale scores were standardized (mean = 0 and SD = 1) so that model coefficients for the physician and version terms could be interpreted as effects for a subject at the study-specific subjective numeracy mean, and a difference of 1 unit for standardized subjective numeracy would correspond to a study-specific 1-SD subjective-numeracy difference. Model fitting and analyses were conducted using SAS version 9.4 (SAS Institute, Cary, North Carolina). This study was approved by the Yale Human Research Protection Program.
RESULTS
Of the 432 patients contacted, 395 agreed to participate in the study. Of these, 2 were excluded because of a hearing impairment, 1 was excluded
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ORIGINAL ARTICLE because of a language barrier, and 3 were excluded because of a computer malfunction. The mean (SD) age of the study sample (N = 389) was 55 (14) years, 75% were female, and 76% identified themselves as being Caucasian, 22% as African American, 2% as Asian or Pacific Islander, and less than 1% as American Indian or Alaska Native. Eighteen percent identified themselves as being of Hispanic ethnicity. Thirty-nine percent were employed and 33% reported having very good or excellent health. The 3 most commonly reported systemic inflammatory diagnoses were rheumatoid arthritis (53%), systemic lupus (20%), and psoriatic arthritis (16%). Most subjects (82%) were currently taking an immunosuppressive medication. The mean (SD) subjective numeracy score, prior to standardization, was 30.6 (9.8) (maximum possible score = 48). Table 1 shows the distribution of PMV responses for each version. The association between PMV and version, adjusted for physician choice, was statistically significant (model 1, Table 2 ). Subjective numeracy (standardized) and the version-bysubjective-numeracy interaction term were both significantly associated with PMV (models 1 and 2, respectively, Table 2 ). Figure 1 illustrates the modeled probability of choosing benefits . risks for each version v. some chosen levels of standardized subjective numeracy. With the exception of the AES-benefits version (version 4), as subjective numeracy increases, the probability of perceiving that benefits outweigh risks also increases. These results support our first hypothesis (H1) that subjects with lower subjective numeracy would perceive less value from a proposed new medication than those with higher subjective numeracy.
The associations between the strategies examined and PMV are presented in Table 3 . Order had a significant influence on PMV, with subjects listening (27) to benefits before adverse events being more likely to choose benefits . risks compared with those hearing the adverse events first. This effect was only statistically significant among subjects with subjective numeracy scores at or above the studyspecific mean and supports our third hypothesis (H3) that subjects with higher subjective numeracy would be more strongly influenced by the information received first.
Our second hypothesis (H2), that those lower in subjective numeracy would perceive even lower PMV with more information as opposed to less information, was not supported as amount of information had little effect on these individuals. Instead, more subjectively numerate subjects who heard less benefit information were more likely to perceive that benefits outweighed the risks compared with those hearing more information about Note: AES, short adverse events; CI, confidence interval; OR, odds ratio; sc, scenario. a. Adjusted for choice of physician. b. Proportional odds of perceiving higher benefit v. lower benefit; odds ratios greater than 1 indicate that subjects were more likely to indicate benefits . risks for the first than for the second scenario listed. Bold results indicate that the 95% CI does not capture 1.00.
benefits. The sandwiching strategy was also associated with a lower likelihood of choosing benefits . risks among subjects with subjective numeracy scores at or above the mean. Varying the amount of adverse events had no significant effect on PMV.
DISCUSSION
In clinical practice, fear of drug toxicity is a frequent barrier to optimizing clinical outcomes in patients with chronic disease. Thus, it is important to understand how the strategies used by physicians to describe a suggested new medication influence patients' judgment of the potential impact of treatment on both their short-and long-term health. In this study, we found that presenting adverse event information before benefits (compared to benefits before adverse events) lowers the likelihood that subjects will perceive that the benefits outweigh the risks of a proposed new medication. This finding is consistent with the primacy effect and suggests that ending on a positive note does not override the negative perceptions induced by beginning with a description of adverse events.
We also found that sandwiching adverse events between benefits and presenting a greater amount of information on benefits leads to a lower likelihood of choosing that benefits outweigh risks. These latter results are not consistent with the affect heuristic, which predicts that a greater amount of information related to benefits will result in more positive evaluations, 36 but are consistent with prior research demonstrating that decision makers seem to average attributes so that adding a good attribute (but less good than the others) can reduce the appeal of a choice option. For example, Hsee 33 found that subjects were willing to pay more for a set of dinnerware items (plates and bowls) in good condition compared to subjects evaluating a set with the same items plus additional cups and saucers of which some were in good condition and others were broken.
The less-is-more effect (i.e., potential deleterious effects of greater amounts of information) has been well documented in the literature. Less information can lead to greater comprehension and use of the material presented, 5 and added complexity increases the likelihood of deferral. 6 We had predicted that a less-is-more effect would occur to a greater extent in subjects with low numeracy but found the opposite. The lack of effect of order and/ or amount of information observed among the less numerate in this study suggests that patterns viewed primarily in studies using written materials may not be generalizable to audible formats.
The main difference between the extended and brief benefit descriptions was the addition of improved sleep quality in the former. It is possible that specific types of benefits may have differential effects. For instance, patients may attend more to benefits that are important to them and become distracted by those that are not. If the participants in this study did not value improvement in sleep quality, the added information may have lowered their impressions of benefits. If true, these results would be consistent with studies that have found decision makers to be influenced by the number of attributes favoring each of their choice options. 36 It is also possible that patients are most familiar with hearing relatively little detail about benefits and a longer list of potential adverse events when being told about new immunosuppressive medications, and that presenting them with unexpected detail may unintentionally lower their perceived benefit of the medication.
Varying the amount of adverse event information had no significant effect on PMV. However, a smaller proportion of participants stated that benefits outweigh risks in version 2 with more extended adverse events compared to version 3 with a briefer adverse event description. Given this trend and the less-is-more effect described in the preceding paragraph, it would be important in future studies to examine additional manipulations varying the amount of specific types of benefits and adverse events on patients' judgments of risks and benefits.
The other notable finding in this study was that the effects of order and/or amount of information on PMV were observed only among subjects having average or higher than average subjective numeracy scores. Thus, our results do not inform methods to decrease risk aversion among those with lower subjective numeracy, which is unfortunate since these are the patients most likely to benefit from an improved understanding of the benefit to risk ratio of proposed new medications. These results are consistent with the literature demonstrating that subjects with lower numeracy are more strongly influenced by factors extraneous to the information presented (such as affect), 37 as well as prior research demonstrating that the influence of initial information is stronger among those with greater motivation to process complex information. 29, 30 To our knowledge, however, this is the first study involving patients to document the effect of subjective numeracy on primacy effects in a medical domain and in response to audible information.
In keeping with studies demonstrating that persons with lower numeracy tend to be more risk averse, 7, 8, 38 subjects with higher subjective numeracy were also more likely to judge the medication as having benefits that outweigh the risks compared to subjects with lower subjective numeracy across all versions, except when adverse events were presented first.
There are several important strengths to this study. To better represent risk communication in clinical practice, we assessed patients' judgments after listening to information. This is in contrast to most studies in which risk perceptions are measured in response to written materials. We also enabled patients to ''choose'' their preferred physician given the possible influence of physician sex and ethnicity on patients' judgments. Last, the dependent variable PMV forces a tradeoff between risks and benefits and thus more closely resembles the judgments that patients make compared to rating scales measuring perceived risk and benefit separately.
Limitations of the study include the use of a hypothetical scenario, which, although it enabled us to use an experimental design, cannot exactly replicate communication between patients and their physicians. The study was performed in a single population, and further research is required to study the effects of order and amount of risk benefit information in other populations and in other medical contexts. Because the sample size required a full design, we did not include all possible order and amount of information comparisons. As a result, we did not include a strategy with brief benefits followed by brief adverse events. The amount of adverse events presented after extended benefits did not influence PMV, and thus we suspect that the amount of adverse events presented will not matter, but this speculation deserves further testing. It is possible that the amount of additional detail presented in the extended description of adverse events was not large enough to effectively test differences between amounts of information. Our manipulation included differences in both the amount and type of information included in the brief and extended descriptions of both benefits and adverse events. For example, in the extended benefits description, fatigue is described as ''patients feel less fatigued'' and in the brief description as patients have ''very little fatigue.'' In the preceding example, relative terms are used in the extended description while absolute terms are used in the brief version. Although subtle, these differences may also have contributed to the differences found. In addition, studies have found that the richness in content can influence order effects, even after controlling for the length of the descriptions presented. 19 Thus, although the text has high face validity in terms of the type of information actually communicated to patients, future research is needed to disentangle the effects of each of these factors on risk perceptions. Order effects are believed to be mediated partially by working memory. 10 However, several studies have demonstrated that order can influence how information is evaluated and how preferences are constructed. 16, 18, 23, 25, 39 Dependent variables in these studies have included subjects' ratings as well as choices. We evaluated the impact of amount of information and order effects on patients' evaluations of a proposed medication. Recall was not assessed and future studies are needed to determine whether the order effect observed in this study was mediated by differences in recall of specific riskand/or benefit-related knowledge.
In summary, this study confirms previous findings that subjects with average or higher subjective numeracy are more likely to have favorable judgments related to new medications and suggests that the order and amount of audible information presented may influence the PMV among this subgroup of patients (order and amount of information had little effect on those lower in subjective numeracy). It also raises questions about what strategies could be used to mitigate risk aversion among less numerate and more skeptical patients. Compared to presenting a brief description of benefits followed by a more extended description of adverse events (arguably the most used format in actual clinical practice), presenting adverse events first lowered the probability of perceiving that the benefits outweigh the risks.
The assumption that a greater amount of information describing benefits would increase PMV was not supported in this study. If these results are replicated, they would support specific recommendations for communication of risk-benefit information, at least among those higher in subjective numeracy.
